These results suggest the probability that the enterobacteriaceal pyrogenemetic substance(s) is a significant part of the whole cell, whereas the staphylococcal enterotoxin is elaborated as a metabolic product which apparently does not accumulate in the whole cell.
1026. 1964.-The pyrogenic, endotoxic fraction of enterobacteriaceal organisms, isolated in a relatively impure or purified state, is both pyrogenic in rabbits and cats as well as emeticogenic in cats in microgram amounts. Employing classical methods for preparation of enterobacteriaceal endotoxin from known enterotoxic strains of Staphylococcus aureus yielded preparations with less than one-hundredth the activity of the enterobacteriaceal material. However, a purified enterotoxin material from an S. aureus strain, with proteinlike rather than polysaccharidelike properties, was found to be both pyrogenic and emeticogenic in microgram amounts. These results suggest the probability that the enterobacteriaceal pyrogenemetic substance(s) is a significant part of the whole cell, whereas the staphylococcal enterotoxin is elaborated as a metabolic product which apparently does not accumulate in the whole cell.
The term endotoxin is commonly employed to characterize complex structural components of gram-negative bacilli (Van Heyningen, 1950) . Boivin, Mesrobeanu, and Mesrobeanu (1933) , who pioneered in the chemical characterization of endotoxins, found these substances to be largely phospholipid-polysaccharide combinations identical with the "O" or somatic antigen. The endotoxin portion of gram-negative organisms accounts not only for the "O" component, but also for the pyrexia or fever-inducing capacity of these bacteria. As little as 1.0 mg of a relatively crude I This paper is taken in part from a dissertation submitted to the Graduate School, University of Utah, in partial fulfillment of requirements for the Master of Science degree. Presented in part at the Annual Meeting of the American Society for Microbiology, Cleveland, Ohio, 6 May 1963. preparation yields a positive pyrogen test in rabbits, and as little as 10-4, g of purified preparations was reported pyrogenic by Keene et al. (1961) .
Enterotoxin is the term employed to characterize the emesis or vomiting-inducing substance elaborated during the growth of some, but not all, strains of Staphylococcus aureus. The chemical nature of this toxin was identified by Hibnick and Bergdoll (1959) as a protein of low molecular weight which is stable to heat. The primary biological action of this toxin in animals is that it causes vomiting, providing the animal can vomit (Bayliss, 1940; Sugiyama, Chow, and Dragstedt, 1961; Clark, Vanderhooft, and Borison, 1961; Clark, 1962) . However, another characteristic of this enterotoxin, which is sometimes overlooked, is that it can also induce fever (Hammon, 1941; Slocum, 1942; Dack, 1956; Clark, 1962) . This paper describes work carried out to determine the pyrogenic and emetic effects of known staphylococcal enterotoxins as compared with the known endotoxins extracted from gram-negative organisms. The organisms employed were subjected to identical procedures for the preparation of both endotoxins and enterotoxins. Purified staphylococcal enterotoxin was also employed.
MATERIALS AND METHODS Animals used in testing: rabbits. Previously sham-tested male and female rabbits obtained from a local source were used for pyrogen testing.
The rabbits weighed between 3 and 5 kg, and were caged individually or in pairs in a constanttemperature room. Male and female rabbits were separated. Pyrogen tests were carried out according to techniques described in the United States Pharmacopeia XVI, with the following exceptions: all glassware was boiled in detergent solution, then rinsed with pyrogenic nondistilled water, and sterilized by heating in an oven at 250 C for 2 hr. Pyrogen-free (PF) saline solutions to be tested were at room temperature rather than MARTIN AND TMARCUS at 37 C; temperature recordings were taken prior to injection and at 15 min, 1, 2, and 3 hr after injection. The results were interpreted as per United States Pharmacopeia XVI. In each experiment, one group of rabbits injected with PF saline was included. This group served as a control for technique and other external factors such as temperature, humidity, and noise. All pyrogen tests were conducted in rabbits which had been previously "screened" (Martin and Marcus, in preparation) to insure the use of satisfactory test animals.
Cats. All cats used were healthy, mongrel animals of either sex ranging in weight from 2.5 to 4.5 kg. Once injected, they were disturbed as little as possible. The cats were observed for emesis and fever for up to 5 hr after intravenous injection. In these animals, a temperature rise of 1.2 C or more was counted as a definite pyrogenic response. The test for emesis was a standard procedure (Clark, 1962) coli which was used for endotoxin preparations and a prepared lipopolysaccharide extract from the same strain. Penicillin sensitivity, mannitol fermentations, and coagulase tests revealed all four strains of S. aureus to be sensitive to penicillin and to be coagulase-and mannitol-positive. The S. epidermidis strain was sensitive to penicillin and negative for both coagulase and the fermentation of mannitol. Crude enterotoxin. Crude enterotoxins from the five staphylococcus strains and the E. coli strain were prepared by slight modification of a standard technique (Wilson and Miles, 1955) . Essentially, this was a filtrate of a 40-hr Brain Heart Infusion broth culture which was centrifuged for clarification. The filtrate was placed in a boiling water bath for 30 to 60 min which destroyed the heatlabile hemolytic and dermo-necrotic toxins without affecting the enterotoxin.
Roschka-Edwards (RE) preparation. Crude pyrogen substance, essentially bacterial hulls, was prepared from all bacteria, except the S. epidermidis strain, according to the procedure of Edwards (1951) .
Trichloroacetic acid extraction. Cultures of all the strains, with the exception of the S. epidermidis strain, were inoculated in Brain Heart Infusion Broth and incubated at 37 C on a shaker for 6 to 8 hr. These organisms were inoculated from the Brain Heart Infusion Broth into separate, large, low-form flasks containing 1 liter of Tryptose Phosphate Broth, and incubated again on a shaker at 37 C overnight. Bacteria were col- lected by centrifugation of broth cultures in the cold, and were prepared as described by Kabat and Mayer (1948) . The vacuum-dried white powder represented the final product.
It is emphasized that all of the above preparations were carried out aseptically and that the water and saline used in these procedures were pyrogen-free.
Purified staphylococcal enterotoxin. Purified enterotoxin prepared from S. aureus S-6 was kindly supplied bv W. G. Clark, who received the material from M. S. Bergdoll. This preparation had been determined to be more than 90% pure enterotoxin.
RESULTS
Fever and emetic properties of the five staphylococcus strains. Although not a specific procedure (Denny and Bohrer, 1963) , the effectiveness of enterotoxin in causing emesis in cats is one of the most useful tests for the detection of enterotoxin (Dack, 1956) . Comparisons of the dose-response effectiveness of both endotoxin and enterotoxin preparations in inducing both fever and emesis in cats and fever in rabbits by intravenous injection are summarized in Tables 1 to 6. A 2.0-ml/kg amount of crude enterotoxin prepared from each strain of coagulase-positive S. aureus was both pyrogenic and emetic in cats in three of the four strains tested (Tables 1-4) , whereas a similar amount of strain LD2 crude enterotoxin produced only a fever response in the cat (Table 3) . On the other hand, none of these crude enterotoxin preparations was pyrogenic or emetic in cats when injected in amounts of 1.0 ml/kg. However, in rabbits, 0.1-ml amounts of (Tables 1 and   2 ). These data suggest that the rabbit is 30 to 60 times as sensitive as the cat in detecting a pyrogenic substance in these samples of crude enterotoxin from the four coagulase-positive strains. It is of interest that the preparation from the strain of S. epidermidis, as compared with preparations from strains S-6, Fritchie, and N-4, yielded no emesis in cats when tested in similar amounts. However, the fever response was equivocally positive with both amounts (1.0 and 2.0 ml/kg). The pyrogenic responses in rabbits were negative at 0.1 ml, whereas the 1.0-ml amount in these animals was definitely positive. Results with each of the four RE preparations injected into rabbits were negative, whereas in cats 100 ,ug/kg (approximately 300 ,ug per cat) of these same preparations showed negative results for both emesis and fever with three of the four strains tested. The LD2 strain (Table 3) , however, showed a questionable positive febrile response. Emesis, on the other hand, did not result with this amount.
Although the trichloroacetic acid (Boivin preparation) procedure was applied to all four strains of S. aureus, yields were obtained only from the S-6 and Fritchie strains (Tables 1 and 2 ). That is, from 1 liter of material treated as previously described, no yields were recovered from the LD2 and N-4 strains. In addition, there was only enough material available for test use in one species, and it was decided to employ the rabbit. By U.S.P. interpretation, 100 jug of the S-6 strain trichloroacetic acid extract per 30 ml of PF saline are shown to be pyrogenic in the rabbit, whereas the smaller amounts tested were negative (Table 1) . In contrast to strain S-6, 100 jig of the Fritchie trichloroacetic acid extract per 30 ml of PF saline were nonpyrogenic in the rabbit (Table  2) .
Fever and emetic properties of E. coli strain 055:B5. aration into a cat was both pyrogenic and emetic, whereas similar amounts of coagulase-positive S. aureus enterotoxin preparations were neither pyrogenic nor emetic. In rabbits, however, the responses to both E. coli and coagulase-positive S. aureus enterotoxin preparations were pyrogenic in 0.1-ml amounts.
The intravenous injection of RE preparations of E. coli revealed marked differences in both rabbits and cats, as compared with the coagulasepositive strains of S. aureus. These E. coli preparations were pyrogenic in all amounts when tested in the rabbit, whereas similar amounts of S. aureus preparations were nonpyrogenic. In cats, the intravenous injection of 1.0 Ag/kg of this preparation from E. coli was pyrogenic, and was both emetic and pyrogenic at doses of 100 ,g/kg.
In contrast, all the RE preparations of S. aureus tested in cats were neither pyrogenic nor emetic, with the exception of strain LD2 which was questionably pyrogenic.
It is interesting to note that, with a more purified (Boivin) preparation from E. coli, both emetic and pyrogenic responses to amounts as small as 1 pig/kg were shown in cats. The intravenous injections of these Boivin preparations into rabbits showed pyrogenic responses to as little as 0.1 p,g/30 ml of PF saline. Similar amounts of Boivin preparations from S. aureus, strains S-6 and Fritchie, failed to elicit pyrogenic responses (Tables 1 and 2 ). However, 100 pg of the S-6 strain preparation per 30 ml of PF saline were able to produce fever in rabbits.
Fever and emetic properties of purified enterotoxin (Bergdoll) of S. aureus S-6. Results obtained in rabbits and cats when boiled and nonboiled preparations of purified enterotoxin (PE) were employed are shown in Table 6 . As little as 0.1 ,ug/kg of nonboiled PE can cause fever and as little as 1.0 pg/kg can cause both fever and emesis in cats. However, the intravenous injection into rabbits of 0.1 ,ug/30 ml of PF saline was shown to be nonpyrogenic, whereas 1.0 ,g/30 ml of PF saline was definitely pyrogenic. However, the results obtained in rabbits and cats tested with the boiled preparations of PE indicate that both the emetic and pyrogenic properties were destroyed, because neither of these animals responded to doses of PE previously shown to be emetic and pyrogenic.
Experiments carried out to determine the effects of boiling when applied to a Boivin preparation of strain 055 :B5 of E. coli are also shown in Table 6 . The intravenous injection of this preparation into rabbits and cats showed that heating this endotoxin from E. coli did not destroy emetic or pyrogenic activity. Both rabbits and cats responded to doses similar to the nonboiled Boivin trichloroacetic acid preparations presented in Table 5 . These data indicate that at least two different substances are involved, because heating destroys PE from S. aureus, whereas similar heating apparently has no effect on E. coli endotoxin.
DISCUSSION
The experiments described were designed to determine the relationship of pyrogenic and emetic properties of known staphylococcal enterotoxins, as compared with the known endotoxins extracted from a strain of E. coli. Enterotoxincontaining filtrates were prepared from four coagulase-positive strains of S. aureus and one coagulase-negative strain of S. epidermidis. In addition, a similar filtrate was prepared from E. coli. The crude filtrates obtained from the four coagulase-positive strains of S. aureus were pyrogenic in both rabbits and cats when comparable doses were employed. Further, emesis was induced in cats by the enterotoxin preparations in three of the four coagulase-positive strains tested; the extract from strain LD2 was negative. The filtrate prepared in a fashion to yield enterotoxin from the coagulase-negative strain of S. epidermidis produced at most only mild fevers in cats, whereas a definite pyrogenic response was shown in the rabbit. It seems apparent that this coagulase-negative strain (nonenterotoxic) was capable of elaborating either a substance which is only mildly pyrogenic or small amounts of the same fever-inducing substance formed by pyrogenic strains. That is, a nonenterotoxic strain of S. epidermidis may form a fever-inducing substance similar to the coagulase-positive strains, but to a lesser extent.
The crude filtrate from the E. coli strain produced both fever and emesis in cats at one-half the dose recorded for the enterotoxic strains of S. aureus. These data suggest that, under similar conditions, a more potent pyrogenic and emetic substance, which is probably identical to the endotoxic component of this enterobacteriaceal organism, is being added to the growth medium.
In attempts to produce a pyrogenic material with the alcohol-acetone treatment procedure (RE preparation) only the E. coli strain was pyrogenic in both test animals and produced emesis in cats. This observation is consistent with a previous report (Marcus, Anselmo, and Perkins, 1958) which demonstrated that staphylococci are low in pyrogenic potential when added to saline.
The preparations resulting from trichloroacetic acid extraction procedures (Boivin preparation) yielded results similar to those obtained with the RE preparations. Although this procedure was applied to the same coagulase-positive strains of S. aureus, extractable material was obtained only from the S-6 and Fritchie strains; in both cases, far less material was obtained than with E. coli. Of course, the RE preparation is a crude one yielding mainly bacterial cellular debris, whereas the Boivin preparation eliminates most of this material. All concentrations of these two strains of S. aureus "endotoxin" injected into rabbits were negative, except for the 100-,ug amount of strain S-6 "endotoxin." Contrary to these results with S. aureus, the trichloroacetic acid extracts from the 055:B5 strain of E. coli produced fevers in rabbits injected with as little as 0.1 ,ug and fever plus emesis in cats injected with concentrations of 1.0 ,ug/kg. These data obtained with both the RE and Boivin preparations indicate little or no pyrogenic substance in the cells of enterotoxic strains of S. aureus.
Further evidence to support this suggestion is seen from the results with PE prepared from filtrates of the broth in which the S-6 strain of S. aureus was grown. Heating PE in a boiling-water bath for 60 min destroyed the ability of this material to induce both fever in rabbits or cats and emesis in cats. In direct contrast to these data, however, heating E. coli endotoxin in a similar manner failed to change its pyrogenicity in both animals as well as its emetic activity in cats.
Therefore, by employing defined procedures for the extraction of endotoxins and enterotoxins from both staphylococcal and enterobacteriaceal organisms, staphylococcal "endotoxin" appears to be quite distinct in effect and nature from enterobacteriaceal endotoxin; staphylococcal "endotoxins" and enterotoxins are quite distinct in nature and action from each other in both terms of induction of fever and vomiting. Thus, crude enterotoxin-containing S. aureus filtrates contain a pyrogenic material which is apparently not an endotoxin. The possibility exists that staphylococcal "endotoxin" might have a molecular structure similar enough to enterobacteriaceal endotoxins in inducing both emesis and fever, yet different enough in structure to yield serological specificity; at the same time, the concentration of S. aureus "endotoxin" under the conditions employed may be too low to yield pyrexia.
The readiest explanation for the observations made, which is consistent with currently available information, is as follows: staphylococcal enterotoxin is protein in nature and capable of inducing emesis and fever; staphylococcal enterotoxin induces fever only in the rabbit which is a nonvomiting animal; the staphylococcal enterotoxic material is not a significant component of the staphylococcal cell, but is formed as a metabolic product passed into the growth medium; the enterobacteriaceal substance (heat-stable lipopolysaccharide) capable of inducing fever and emesis is nonprotein in nature, and is present in the growth medium (either as a metabolic or autolytic product or a result of both of these processes); the enterobacteriaceal pyrogen and emesis-inducing substance is present in significant quantities in the cell. It is recognized that a similar distinction between exotoxins (excreted or secreted into media) and endotoxins (freed by autolysis of bacterial cells after death) has been known since the early studies of bacteriology. Pfeiffer was credited by Zinsser (1922) for first describing this distinction.
